The nonlinear propagation of directional spherical waves generated in an unbounded inviscid ideal gas by vibratory motions with ,.;mall but finite amplitude and moderate frequency of a spherical body is considered. Starting with a regular perturbation expansion for a velocity potential in the near field, a higher-order problem is investigated in the far field up to the shock formation distance. It is thereby shown that, in the far field concerned, a well-known simple far-field equation remains valid for tlae radial velocity Ur* including higher-order corrections up to O(e'•V/r) (N< --1/e In e), where r is a nondimensional radial coordinate and e( • 1 ) is the expansion parameter of the expansion. A boundary condition appropriate to the equation, which ensures the matching of a far-field solution with a near-field solution, can be determined from the near-field solution obtained by the regular perturbation procedure. As an application of the theory, the third-order problem is solved for weakly nonlinear acoustic •vaves radiated by a pulsating sphere. It is further shown that, for weakly nonlinear cylindrical waves with moderate frequency, a similar far-field equation becomes invalid at the third approximation in the far field up to the shock formation distance. To the propagation of directional spherical waves, Kelly and Nayfeh 2'3 applied the method of renormalization, which had already been used for cylindrical waves by Ginsberg. 7
INTRODUCTION
We shall consider the weakly nonlinear propagation of directional spherical waves radiated by vibratory motions of a spherical body in an inviscid ideal gas. By directional spherical waves, we mean spherically diverging waves whose amplitude can vary with angles at a distance r * from the center of the mean surface of the body (the mean surface is supposed to be a sphere of radius R). We shall treat the case To the propagation of directional spherical waves, Kelly and Nayfeh 2'3 applied the method of renormalization, which had already been used for cylindrical waves by Ginsberg. 7 The problem of directional spherical waves is reconsidered in the approximation up to O(eaV/r) (N>2), in the present paper. Inoue and co-workers •-6 studied problems of a uniformly pulsating sphere 4'6 and that of an oscillating rigid sphere, • using a method of strained coordinates to obtain an --t34P*/c2t * in quadratic terms. The problems treated in Refs. 8 and 9 however pertain to a case different from the present one, i.e., the case ofe (• 1 and co>• 1 (highfrequency case). In this case, the near field substantially disappears (see Fig. 1 
I. FORMULATION OF THE PROBLEM
We shall consider the propagation of weakly nonlinear acoustic waves produced in an unbounded inviscid ideal gas by vibratory motions of a spherical body. The mean surface of the body is supposed as being a sphere of radius R centered at the origin in the spherical coordinates (r *,0db), where r * is the distance from the origin, 0 is the polar angle, and •b is the azimuthal angle. It is assumed that the wave motion concerned can be described in terms of a velocity potential ß * (r *,0,½,t *), where t * is the time. The following dimensionless quantities are introduced: 
where co* signifies a typical angular frequency of the sound source and co is a normalized angular frequency. The condition (10) means that a typical wavelength of the radiated sound, 2rr½/co*, is comparable to the mean radius R and that an acoustic Math number M=aco*/c = •co is sufficiently small. The present analysis requires no further constraint for motions of the body. The radiation condition should be imposed on the velocity potential at infinity. The function s(t;e) which prescribes the instantaneous radius of a harmonically pulsating sphere has, e.g., the form n s = 1 + ß cos cot, In Fig. 2 , a wave profile of the third-order solution is depicted and compared with those of the first-and the second-order solutions. Clearly, the third-order correction on the waveform distortion is very small.
II. APPROXIMATE SOLUTION BY A REGULAR

B. Shock formation distance
Beyond the point where 
